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can  be  corrected  by  comparing  the  four  analyzers  and  the  data  is  useful.  The  prob¬ 
lem  is  resolved  by  making  such  comparisons. 


2.  EXPERIMENT  AND  INSTRUMENTS 

2. 1  Satellite  Orbit 

Satellite  P78-1,  taunched  25  February  1979.  carries  high  latitude  electron 
detectors.  The  satellite  is  in  a  circular,  polar,  sun- synchronous  orbit  (noon- 
midnight  meridian  plane)  at  an  altitude  of  600  ±  30  km,  with  an  inclination  of 
97.  73°.  The  satellite  consists  of  a  wheel  section,  carrying  the  instruments,  and 
a  sail  section,  carrying  the  photocells  that  power  the  satellite.  The  wheel  section 
spins  at  11  ;  1  rpm,  -_.o  ‘hat  the  spin  period  is  5.45  ±  0.  150  sec.  The  spin  axis  of 
the  wheel  section  is  perpendicular  to  the  orbital  plane  of  the  satellite. 

2.2  Instruments 

Two  elee'ron  detectors  are  mounted  in  a  single  container  so  their  look  direc¬ 
tions  are  ,J0°  apart,  both  look  outwa rd  from  the  rim  of  the  wheel  section.  The 
spin  of  the  satellite  scans  the  detectors  through  all  pitch  angles  in  each  spin  period. 

The  two  detectors  are  identical  to  those  flown  on  the  DMSP  satellites.  The  calibra- 

2 

tions  used  for  the  detectois  are  found  in  Hardv  et  al.  “  The  calibrations  used  are 
•n  average  ol  *ho  values  for  11-  4  and  o  in  that  work.  Each  detector  consists 

of  two  curved  pla»e  electrostatic  analyzers  with  channeltrons.  One  analyzer  of  each 
detector  rollcc+s  elect rons  in  tpe  energy  range  of  50  e\  to  ~  1  keV  and  the  other 
inal'-zor  of  each  detector  collects  electrons  in  the  energy  range  of  1-20  keV.  Each 
.tnalvzer  has  eight  energy  channels.  AH  four  analyzers  are  stepped  through  the 
eight  i  n annuls  simultaneously  every  256  msec.  Thus,  each  set  of  analyzers  pro¬ 
duces  lour  16 -point  spectra  in  just  over  !  sec  or  about  2 2  spectra  in  each  vehicle 
:  ■ .»  .tn  n.  The  lead  detector-  in  the  vehicle  rotation  is  called  Detector  1  and  the 
df-t.  ,  tor  following  by  !>0  is  called  Detector  2. 

3.  COMPVKISON  OK  RESl  l.TS 

'in<  ••  *h<-  *  wo  detectors  are  '*0:  .pa  rt,  a  comparison  can  best  be  made  when 
beta  -il  i r*.-  in  u  •  45  p.Uu  ingle  in  +tie  northern  hemisphere  or  both  are  near 

:  i*.  h  > * . ti  1  e  m  tn,.  soutin-rn  hemisphere. 

!•••  .'••<!  !  :<•!!,  different  s  i * •  ■  1 1  i t <  orbits,  namelv,  220,  438,  530,  mil 
1  -tv!  tic  :r.  ‘he  ■■  u  ■  ra  1  L'l'-ns  .■•'run  the  counting  is  sufficient!  .'  high.  Data 
■  *  .1.  '■i!'-.  pi* .. 1 .  .  :u>;>  bins : 


a.  When  the  stated  values  of  the  pitch  angles  of  the  two  detectors, 
pa  1  and  pa  2,  differ  by  2°  or  less, 

b.  When  the  difference  is  greater  than  2°  but  less  than  or  equal 
to  10°,  and, 

c.  When  the  difference  is  greater  than  10°  but  less  than  or  equal 
to  20°. 

Three  comparisons  are  made.  The  integrated  number  flux,  J^,  is  used  to 

compare  the  two  low  energy  analyzers  (Channels  1-8).  Whenever  J,  ,  for  the  eight 

7  -2  -1  -1  T0T 

channels  was  less  than  2X10  e  cm  sec  sr  ,  the  counts  were  very  low,  gave 
pool-  statistics,  and  so  were  not  used.  The  second  comparison  is  of  each  channel 
1 1-8)  of  one  detector  with  the  corresponding  channel  of  the  other  detector.  The 
third  comparison  uses  the  differential  ilux  values,  dj /dE,  of  both  detectors  for 
Channels  8  and  9.  Channel  8  is  centered  at  0.974  keV  and  Channel  9  at  1.000  keV. 
Since  they  are  very  nearly  at  the  same  energy  level,  the  differential  fluxes  can  be 
com  pa  red. 


'VI  Jjo[  Values.  Oiannels  1-8,  [loth  Detectors 

Data  from  all  four  orbits  are  used  for  each  pitch  angle  bin.  Orbits  530  and  959 

occurred  during  fairly  active  K  periods  while  orbits  220  and  438  occurred  during 

moderate  K  neriods. 

P  ‘ 

In  this  section  J  is  calculated  for  each  time  period  for  both  detectors  by 


'  tot 


y  fLL  at 

*->,  dti.  1  • 
1-1  1 


(1) 


As  can  be  seen  in  Kq.  (1  ),  onlv  Channels  1-8  are  used  in  the  determination  of  J. 

tot 

since  a  comparison  is  being  made  of  the  low  energv  analvzers  onlv.  The  ratio  of 
f let*  rii.r  2  to  Detector  1  v  ilia-s  is  written  as  — - rjy  and  is  determined.  Values  are 


found  for  all  three  pitch  angle  bins  and  the  average  of  all  values  in  each  bin  and  in 


e  ten  orbit  are  calculated.  Table  1  lists  the  results  showing  the  number  of  samples, 
n:  ‘he 


!t(+'.2> 

rage  value  of  the-  ratio— .  ,  x;  and  the  standard  deviation  >f  the  ratio,  s. 


•  I.  all 
tot 

Tin-  results  of  all  nitch  angle  bins  ,nd  all  four  orbits  are  in  good  igreement 

and  give  an  overall  average  value  for  all  eases  of— - -p-  =  1. 840  for  314  samples. 

'  t0t 


Jtot<2) 

Table  1.  Average  Values  of-, - r-r-r  for  Several  Orbits 

lOt 

(J  Values  are  for  Channels  1-8  Only) 


Case  A,  |  pa  1  -  pa  2 


Orbit 

220 

438 

530 

959 

Total 

n 

12 

4 

17 

2 

35 

X 

1.  614 

1. 651 

1.  578 

1. 425 

1.  590 

s 

0.  182 

0.  079 

0.  27  2 

0.  093 

0.  221 

Case 

B,  2°  <  | 

pa  1  -  pa  2 1  S 

10° 

n 

35 

14 

68 

19 

136 

X 

1.  650 

1.  622 

1.  650 

1.682 

1.651 

s 

(3.  179 

0.  165 

0.  209 

0.  224 

0.198 

Case 

C,  10°  < 

1  pa  1  -  pa  2 ! 

i  20° 

n 

4  3 

13 

69 

18 

14.3 

X 

1. 606 

1.  648 

1.  638 

1.  7  34 

1. 64  2 

s 

0.  194 

0.  172 

0.  361 

0.  274 

0.  294 

Case  A  +  H  +  C 

n 

90 

31 

154 

0 

3  1  -1 

X 

t.  624 

1 .  637 

1. 637 

1 . 693 

1. 640 

.s 

0.  186 

0.  156 

0.  292 

0.  24  9 

0.  248 

3.2  Comparison  of  Kadi  Knergy  Channel  (l-16)of  tin*  Two  Detectors 

As  a  second  technique,  we  compared  the  counts  for  each  energy  eh; 
two  detectors.  Table  2  shows  the  ratio  of  the  counts  from  Detector  2  b 
of  Defector  1  for  each  of  the  16  energy  channels.  Kightv-eight  samples 
from  Orbi*  22b  f  >r  (.  (rmrcls  1-8  and  to  sampl-  ;  a  •  re  used  for  Ciiann  1 
can  be  seer,  that  in  the  lower  energy  analyzers,  the  lowest  average  rate 
Ch  innei  1  (  1 .  o 7 ' * >  and  the  highest  value  is  in  Channel  1  i  1.655).  Tl’.e  e. 
ill  values  of  (  flannels  1-8  is  1 .  (i  if*,  i  he  ratios  i;i  <  h-ruu-ls  ‘-p.  .ar 
1 .  Os’  ituj  the  a.er.ige  ratio  for  these  channels  is  1.022.  Tins,  fr  • 
re >.  :■  ilce"-  ire  in  excellent  ag  reenicti*. 

lignr-  !  shows  i.  sample  of  ttic  diflt  renDal  spec*  r  for  «•:  !  ’•  a  a. 

'-■i  I.  *.  at,  p  ill  He  -  e  e  tl  t  "1  -  *  *  h  •  i  >  W  •  pe!  a,, -a,  ,.  ••  ••  .. 

tv. 1 1  ci.  r  a  s  ‘a  no*  | ,  |  ,prvi  merit.  |b  -erecting  *  I ;  ■  .to-  -  •'  i  as 

I  let.  a  :  b  •'••.<*ipi\ mg  earn  vaiiu  in-  I  c  t  •  ■  c a*  :  ■  e  :s*  -  :  i. : 


inno!  of  t  hi- 

-  the  eonm.- 

were  us--l 
-■  “-It'.  It 

-  is  in 


6 (cm2  sec  sr  keV)"' 


third  spectrum.  This  gives  good  agreement  with  the  Lower  energy  portion  of  the 
spectrum  from  Detector  2. 


Table  2.  Ratio  of  Counts  for  Each  Energy  Channel, 
Both  Detectors 


Ch  1 

1644  ±  0.  165 

Ch  9 

1.  017  ±  0.  189  | 

2 

1.  652  ±  0.  234 

10 

0.  989  ±  0.  120 

3 

1.  609  ±  0.  267 

11 

1.  000  ±  0.  137 

4 

1.  655  ±  0.  160 

12 

1.  043  ±  0.  189 

5 

1.  594  ±  0.  159 

13 

1.  006  ±  0.  148 

6 

1.  592  ±  0.  199 

14 

1.  020  ±  0.  176 

7 

1.  579  ±  0.  242 

15 

1.  011  ±  0.  180 

8 

1.  626  ±  0.  157 

16 

1.  086  ±  0.  223 

Figure  1.  Electron  Differential  Energy  Spectra  of  All  Channels  From  Both 
Detectors 


3.3  Values  for  Channels  8  and  9,  Both  Detectors 

dE 


Orbits  220  and  530  are  used  to  obtain  counts  for  Channels  8  and  9  from  both 
detectors.  Thirtv  samples  are  from  orbit  220  and  40  samples  from  orbit  530. 

Since  Channel  8  is  centered  at  0.  974  keV  and  Channel  9  at  1.  000  keV,  they 
should  count  nearly  alike.  In  addition,  Channel  8  on  each  detector  should  be  nearly 
equal,  as  should  Channel  9  on  each  detector.  The  question  arises  as  to  whether 
the  low  energv  analyzer-  of  Detector  1  is  counting  low  or  that  of  Detector  2  is  counting 
high.  This  question  can  be  resolved  bv  these  comparisons. 


It  can  be  seen  in  Table  3  that  the  ratio 


2 

87 


of  the  differential  flux  values. 


1,1/ dH,  of  both  channels  is  1.  639  and  the  ratio 


(*t)  or 


the  dJ/dE  values  is  1.  611. 


Both  of  these  values  agree  very  well  with  the  overall  average  value  of  1.  640  from 


/ 

y  \ 

table  1. 

,  In  addition,  the  ratios. 

7) 

and  ^  j 

of  the  differential  fluxes  are 


close  to  unitv.  Therefore,  Channels  8  and  !)  on  Detector  2  agree  well  with  each 
other  and  with  Channel  9  on  Detector  1.  However,  each  of  them  is  higher  than 
Channel  8  of  Detector  1  by  a  factor  of  about  1.600.  This  indicates  that  the  low 
energv  analyzer  Channels  1  through  i;  of  Detector  ]  give  counts  that  are  low  by  this 


’'a.-tor. 


Table  3. 
Both  Deta 

( !om  parison 
cl  ors 

of  Channels 

8  and  ft. 

(  1.1  >  .. 
f TT-TT  Kauo 

Rev  220 

Rev  530 

Overall 

''  t 

1.615 

1.  650 

1.  639 

t  \  '  t 

2  1 

1.011 

1. 07  9 

1.  057 

'  i  "  i 

1.712 

1.  567 

1 .  6  1  1 

' l 

1. 07  2 

! .  035 

1.  n  !<> 
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Low  energy  analyzer  were  substantially  lower  than  those  from  the  eight  channels  of 
the  Detector  2  tow  energy  analyzer.  The  high  energy  analyzers  were  in  good  agree¬ 
ment  in  all  channels  (9-16). 

3  4 

In  discussions  with  the  designers  and  builders  of  the  instruments,  ’  the  con¬ 
clusion  was  reached  that  either  one  or  both  channeltrons  in  the  Low  energy  analyzer 
of  Detector  1  was  inefficient  and  gave  a  lower  count  than  it  should,  or  the  problem 
was  in  the  electronic  circuitry  of  that  analyzer  which  made  the  counting  inefficient 
in  all  eight  channels.  In  either  case,  the  geometric  factor  of  each  of  the  eight 
energy  channels  was  affected,  causing  a  lower  count  than  normal  by  a  certain  factor. 
In  this  report,  the  correction  factor  for  the  low  energy  analyzer  data  of  Detector  1 
is  determined,  to  make  all  data  useful. 

Several  orbits  of  data  are  analyzed  and  each  analyzer  and  energy  channel  are 
compared  when  the  two  detectors  are  at  or  near  the  same  pitch  angle  value,  at 
which  time  they  should  read  alike. 

Three  comparisons  are  made  and  all  agree  that  the  counts  for  all  eight  channels 
of  the  low  energy  analyzer  of  Detector  1  should  be  corrected  by  multiplying  the 
counts  of  that  analyzer  by  1.  6.  If  this  is  done,  then  the  calculations  of  the  differ¬ 
ential  flux  dJ/dE,  the  integrated  number  flux  J  ,  and  the  integrated  energy  flux 
.J p'fot’  performed  in  the  same  manner  that  they  are  for  the  other  analyzers. 

The  data  are  usable  but  must  be  corrected  as  just  noted. 

The  data  used  in  these  calculations  came  from  orbits  that  were  early  in  the 
flight  of  P78-1.  Some  orbits,  from  several  months  later,  will  be  analyzed  to  see 
if  this  correction  factor  for  the  low  energy  analyzer  of  Detector  1  remains  the  same 
>r  has  changed.  If  the  correction  factor  has  changed,  it  will  have  to  be  updated  at 
various  intervals  during  the  flight  of  P78-1. 
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